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Abstract

For the last five years we have used a semi-strettunterview, which we refer to as the
Teacher Beliefs Interview, to explore the beliefdeginning secondary science teachers
who were involved in different induction progran@ur initial questions focused on
teacher epistemologies and probed the beliefs ginbang and experienced teachers,
while our process of interviewing utilized methoolsmmon in qualitative research. In
reviewing and refining our interview process, wesaleped maps that allowed us to
describe and define various beliefs held by preiser beginning/induction, and
experienced science teachers. Our current Teaoklef® Interview is based upon the
analysis of semi-structured interviews with overO 1re-service, induction, and in-
service science teachers. Ultimately, these mapg hallowed us to track the
development of science teachers, while providimgliiack regarding the effectiveness of
our pre-service and induction programs.

Correspondence should be addressellilie Luft, Science Education, PO Box 870911,
Tempe, AZ 85287, USA, Email: Julie.Luft@asu.edu

Introduction

Over the years, educational researchers have explarvariety of constructs
pertaining to teachers in order to help improve $icture and impact of teacher
education programs. Areas of study include teagiractices, teacher attitudes, and
teacher knowledge. Another area of focus--and ubgest of the present article--is that of
teacher beliefs. Early researchers consideredfbdbebe the information a teacher held
about a person, a group of people, a behavior oevamt (Fishbein & Ajzen, 1975).
Within the last 15 years, understanding and desgrilbeacher beliefs has become a
priority for educational researchers. These pelsaranstructs can provide an
understanding of a teacher’s practice: they caudeginstructional decisions, influence
classroom management, and serve as a lens of tantirg) for classroom events (e.g.
Jones & Carter, 2007; Pajares, 1992; Richardso®6)1R substantial body of research
has been generated in this domain (see Jones &rC2007; Richardson, 1996).

In science education, research on beliefs has leleed to the use of inquiry,
national reforms, or constructivist practice in ttlassroom (e.g., Hashweh, 1996; Tsai,
2002; Wallace & Kang, 2004; Yerrick, Parke, & Nugeh997). Wallace and Kang's
(2004) study of six experienced teachers, for exeaympvealed how the beliefs teachers
held influenced the degree of implementation ouiingand laboratories in their science
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classrooms. Hashweh’s (1996) study of 35 scieneehtss found that constructivist
beliefs corresponded with constructivist behavioferrick, Parke, and Nugent (1997)
concluded that science teachers needed to exphore@amine their underlying beliefs
about teaching and learning inquiry in order toiragate an accurate representation of
this reform into their conceptual framework. Foresce educators, understanding the
beliefs of teachers is essential and importantather education programs are going to
support the on-going development of science teadeys & Bryan, 2001).

In our exploration of teacher beliefs, we haveditie understand how beliefs are
modified as a teacher progresses from his or heiservice program through the later
years in a teaching career. Our initial interestis area was guided by our observation
that many of our pre-service teachers held bebefsducive to reform-based practices,
yet during their first years in the classroom fesform-based practices or beliefs were
evident. This was compounded by our experiencaafepsional development programs
for experienced teachers, which revealed that thesehers held and formed reform-
based beliefs as they learned new methods of cigiruand assessment. We hoped that
by understanding the change in beliefs of a teacler could design programs for
teachers that would support their development tdgvaronstructivist or reform-based
ideologies. In this process, we began documenhegotliefs of teachers and developed
the Teacher Beliefs Interview (TBI), which helped understand how teachers were
impacted by their teacher education experiencess Phper reports the process of
developing the TBI and our current use of the TBthweginning secondary science
teachers, along with the results of our initialds¢s.

Related Literature
Descriptions of Beliefs in Educational Research

Educational researchers have described beliefs iffereht ways. Some
researchers lump beliefs and attitudes together gawel little attention to the unique
attributes of each (e.g., Garmon, 2004). Otheramebers interchange terms such as
theories and philosophies with beliefs, acknowledgithat these are personal
constructions (e.g., Simmons et al.,, 1999). Stileo researchers equate beliefs and
knowledge, as both guide actions and inform anviddal's decision making process
(e.g., Kagan, 1990). In some instances, the assomsptunderlying the varied
terminology are detailed, and in other instancemeths little discussion. Given the
disparity, those who study beliefs need to clearljculate the nature of the beliefs that
are being examined.

Those who have written about beliefs acknowledhgér tuniqgue composition and
cognitive affiliation (e.g., Fang, 1996; FishbeinAzen, 1975; Jones & Carter, 2007,
Nespor, 1987; Pajares, 1992; Richardson, 1996; &bkel986). For these researchers,
beliefs are clearly personal constructions, emtitiegat belong to an individual. Yet
additional descriptions reveal varied notions didfg. For instance, Fishbein and Ajzen
(1975) suggest that

“a belief links an object to some attribute...theembjof a belief may be a person,

a group of people, an institution, a behavior, écgpan event, etc. and the
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associated attribute may be an object, trail ptgpequality, characteristic,
outcome or event (p. 12).”

Nespor (1987), on the other hand, describes beadefspisodic, highly personalized, and
containing affective and evaluative components.cBpgons similar to those offered by

Nespor (1987), which are characterizations aboligfsgare more widely acknowledged

by educational researchers.

The discrete and multidimensional nature of bslisfless problematic to those
who study beliefs. Schommer (1993), like other aedeers, has found that individuals
can hold beliefs that are independent of one anathé have a varied impact on actions
or cognitive processes. This means that individeals hold beliefs that are in conflict
with one another, that have different representatiand that are both generalizable and
context specific. This variability is often assde@with the core and peripheral nature of
beliefs (Brownlee, Boulton-Lewis, & Purdie, 2002pkeach, 1986), and affects one’s
cognitive schema in different ways. Core beliefe aften more connected within a
system and are more coherent with one another.ewdgkipheral beliefs are not as
extensively connected to other beliefs in the systsnd may be in conflict with one
another. Moreover, beliefs that are more central arore connected can be more
resistant to change (Kagan, 1992). Adding to thig position of a belief and its
construction may result in the belief acting asil@rf As a result, more compatible
experiences or information may be processed withibelief set, while incompatible
experiences may be held to the periphery, filteoedejected (Nespor, 1987).

Capturing Teacher Beliefs

Beliefs are critical when it comes to understandinteacher’s practice. Ernest
(1989), for example, found that two mathematicsheas with similar knowledge taught
in different ways. He suggested from his study #ratinderstanding of beliefs was more
useful in predicting teachers’ classroom decisidiaig (1996), in a review of research
on beliefs and practices, synthesized the researdhe relationship between beliefs and
practice and suggested that beliefs tend to affebfviors. He also noted that factors
outside of the classroom and teacher can also impactice. Fang’s findings are
consistent with other educational researchers, whapoerally agree that beliefs are
connected to actions in the classroom (e.g., Guysk8§6; Hashweh, 1996; Kang &
Wallace, 2004). However, these and other authalisate that pressing issues pertaining
to beliefs and practice still exist, such as theurgaof the interaction between beliefs and
practices. Some researchers consider beliefs aufiges to be interactive, while others
conclude that beliefs must change before practe@@s change. In either case, it is
important to understand the teaching beliefs othiees, in light of the compelling
evidence that beliefs influence practice.

Researchers often explore the beliefs teachers &bldifferent times in their
careers. Richardson (1996), in her review artict®ncluded that professional
development opportunities for experienced teachezse likely to have the greatest
impact on beliefs. Such opportunities can influeagperienced teachers to expand and
modify their existing beliefs. Richardson also doded that pre-service experiences
were ultimately too short in duration to have aasting impact on beliefs. Luft (2001), in
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a study of experienced and beginning teachers dfthiat beginning teachers were more
likely to change their beliefs when learning abmafuiry but less likely to change their
practices, while experienced teachers were lesdylito change their beliefs and more
likely to change their practices. The degree theiefs of new teachers were able to
change was attributed to the formidable natureéheflieliefs. The experienced teachers,
on the other hand, had beliefs about teachingwleaé established and consistent with
the goals of the professional development progranich in turn influenced their
decision to even participate in the program. Cledhe beliefs of teachers are subject to
varying degrees of change throughout one’s cafide¥se changes are indicative of the
types of beliefs examined and the central or perg@inature of the beliefs.

More recently, educational researchers have focosedpistemological beliefs.
These beliefs concern teachers’ views about neaduacke the acquisition of knowledge
(e.g., Bendixen, Dunkle, & Schraw, 1994; Hofer &ntch, 1997). Such beliefs are
intertwined with teachers’ beliefs about learningderstanding, or student knowledge; as
how a teacher conceptualizes knowledge impacts tiegiching beliefs (Brownlee,
Boulton-Lewis, & Purdie, 2002). In order to captanmed describe these types of beliefs,
the research process must allow teachers to desanith elaborate on their beliefs about
knowledge and teaching. Interviews, ranking tasiks] constructed response formats
have been used to capture teachers’ epistemoldaptiafs; these methods allow teachers
to thoroughly discuss the conceptualization ofrtheliefs (Ambrose, Clement, Philipp,
& Chauvat, 2004; Munby, 1982).

Methods
Background

In order to understand, or elicit the beliefs oddeers, it is important to make
beliefs “visible.” Fang (1996) and Munby (1982) edtthe shortcomings of written self-
report responses that may reflect what should Ine dather than what is actually done in
practice. Pajares (1992) and Richardson (1996¢dtd#iat multiple forms of data were
needed in order to understand teacher beliefguaith collecting this type of data can be
difficult for even the most seasoned researchee Jdmi-structured interview poses an
alternative to written responses and multiple dsdarces. This format allows the
researcher to access the thinking of a teachert@u@termine aspects of the teacher’s
thinking that cannot be captured through obseraatio other modes of data collection
(Patton, 1980).

In our research, the qualitative methodology oémiewing was used to develop
the TBI. Semi-structured interview questions weeedito elicit the beliefs of each
teacher, allowing the interviewer to probe the tids of the teacher in order to
understand his or her beliefs. Berg (1998) andoR&tt990) guided the development of
our identified interview questions. Once the intews were collected, they were
inductively analyzed in order to understand howtaierperspectives were manifested
within the teacher. Patton (1990) refers to thiarasrientational methodology.
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Process

After reviewing the research on beliefs and comsglivith experts who study
teacher beliefs, we developed eight questions Her TiBI. The initial questions were
drawn from Richardson and Simmons (1994) as welbasown protocol (Roehrig,
2002). Using the initial questions, four researshitien conducted interviews with ten
beginning secondary science teachers. The resparesescollected and used to revise
the interview process. We aimed to produce stamzdd open-ended questions that
were clearly stated to the teachers and that exgbltineir beliefs (Patton, 1990). Our
initial revisions included shortening the questiomsvising the wording in order to
capture the beliefs of teachers, and removing amstgpn from our interview sequence.
Once again, we reviewed the questions and ansveeachers to determine if we were
capturing beliefs. Our review specifically sougbtdetermine if the questions elicited
teacher responses that were highly personalizéeh @bnstructed in episodic ways, and
contained affective and evaluative components (Sespor, 1987; Pajares, 1992).
Moreover, we examined the questions to determieeptiesence of an object and an
attribute, and an orientation towards knowledge @endixen, Dunkle, & Schraw, 1994,
Fishbein & Ajzen, 1975). Through an iterative prsg®f revision and reflection, eight
guestions were developed.

During the next phase of the development of thel, TiBree researchers
inductively analyzed 75 transcribed interviews efjinning and experienced secondary
science teachers in one state. Through this prottessmajor concepts, themes, or
categories present within each question were ifiettiCategories that emerged from the
transcripts of the interviews resulted from the stant comparative method of data
analysis (Glaser & Strauss, 1967). Each questi@hitasncorresponding categories were
then placed in a clustered summary display (Mileddberman, 1994), which later gave
rise to a graphical representation of the question.

The emergent categories for the questions werglitibmal, instructive,
transitional, responsive and reform-based. Traditi@nd instructive responses represent
teacher-centered beliefs, while responsive andmefmased responses represent student-
centered beliefs. Transitional responses reflectieav of students that focuses on
primarily behaviorist and affective attributes dudents, not always the cognitive
involvement. A further elaboration of the episteagptal underpinning resulted in three
areas of classification, which are similar to thésend in Ernest (1989). Specifically,
traditional responses reveal science as based ds, faules and methods that are
transferable; transitional responses represennhasei@as a body of certain knowledge;
while reform-based responses support science agnandc field that is subject to
revision. Table 1 summarizes these categoriestandpistemological underpinnings.

The final phase of development of the TBI entadedducting interviews with
pre-service, induction, and experienced sciencehta in three different states. Over 40
interviews were conducted, and in some instanceépteuinterviews were conducted
with participants during a two-year period. Theemtews were analyzed by two
different researchers, with the answers comparetdga@urrent TBI. After the coding of
these interviews, three researchers met to rekis@ Bl to better represent the beliefs of
the expanded group of teachers. This final meetagulted in the deletion of one
guestion and the formal connection of the questiordifferent epistemological domains
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in science teaching. While these categories aresmaprehensive, they are broad enough
to depict the epistemological beliefs of sciencachers. The final TBI questions are
presented below, while the questions with selestsgonses can be found at the end of
this paper.

. How do you maximize student learning in your clasgn? (learning)

How do you describe your role as a teacher? (krayde

How do you know when your students understand Priileg)

In the school setting, how do you decide what &zleand what not to teach?
(knowledge)

How do you decide when to move on to a new topig/onr classroom?
(knowledge)

6. How do your students learn science best? (learning)

7 How do you know when learning is occurring in yolassroom? (learning)

PowbdPE

o

Reliability & Validity

In order determine the generalizability of the T&lother discipline teachers, we
used the TBI with pre-service mathematics teachAtsfirst, one might think that
teachers would provide similar answers across st#jélowever, this was not the case.
In their answers, teachers clearly drew upon trmntent knowledge and their
understanding of the nature of knowledge constactin mathematics. The answers
provided by mathematics teachers differed from ¢ho$ the science teachers, thus
supporting the reliability of the questions. In @meh to questioning other groups of
teachers, we reviewed the responses of the teaehdr®ur own questioning process.
The language and explanations of the interviewadhers indicated that we had created
a non-threatening atmosphere in which genuine resgsowere possible. Our own verbal
cues, along with the responses from the teache#s,ug confidence in the reliability of
the responses (Fowler, 1993). Finally, the Cronbalgina coefficient for the internal
consistencies survey was calculated at 0.70.

Determining the validity of this process entailedultiple reviews of the
interviews, as well as comparisons with data frahepinterviews that were collected in
the course of the study. In each instance, we tdedentify alternative constructions and
to determine if they were truly different, or ifeth aligned with our categorizations.
Throughout our process of reviewing interviews ardmining the responses, we found
that our depictions held up, thus the validity af process was supported (Patton, 1990).

Limitations

Before discussing the results of the TBI and oocess of documenting different
groups of teachers, we need to acknowledge thealioms. First, the very nature of
identifying beliefs is difficult. In trying to capte the beliefs of teachers, we may have
inadvertently captured behavioral intentions, whrelpresent a person’s intention to
perform various behaviors (Fishbein & Ajzen, 1979hwever, we were conscious of
this problem and sought to capture beliefs by lavireachers describe the
epistemological side of the event. Second, eveaghave tried to adhere to methods that
address issues of reliability and validity, these @eas of concern with just one method
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of data collection. In an effort to address thisues we involved multiple researchers,
examined the data different times, expanded oua daliection to multiple interviews
and different geographic areas, and worked withsoibjects to establish rapport in order
to enhance our access to their thinking (Patto®0)L9Although there are limitations
associated with this process, we have confiderateotlr generated representations reveal
the beliefs of science teachers.

Using the TBI

We are currently using the TBI to track changeshe beliefs of beginning
secondary science teachers in different inductrognams, and pre-service teachers who
are participating in a teacher preparation progtfaam begins during their freshman year.
Both of these studies are tracking teachers ovperad of time and as a result the
teachers are participating in belief interviewsroseveral years.

In preparing to talk to a teacher about his/heliefss we often begin our
scheduled session by asking the teacher to talitdbe or her current experiences as a
new teacher or as a student in a teacher preparptimgram. In our experience, this
allows the teacher to talk about his or her expese and develops a comfort level with
the interviewer that allows for a deeper discussbrthinking later in the interview
process. This beginning part of the interview uisualkts from 10 to 30 minutes and can
result in teachers discussing student accomplistenenell-developed lessons, or
experiences that are conducive to their growth esmeher. Following this section of the
interview, we begin the interview about beliefs. s interview the teacher, we ask for
examples and rich details that highlight the epistiegical side of the question.
Additionally, we do not have the TBI maps with as,this would guide our questioning
towards areas in the maps. When we complete teeviatv, we always ask the teacher if
there are additional comments he or she would itkkenake about being a science
teacher. This often results in an additional 5 fominutes of discussion. The entire
beliefs interview process usually lasts from 2@®minutes, and all of the interviews are
digitally audio-taped. The duration of the intewidepends on the comfort of the teacher
with the interviewer. It should also be noted thmatst teachers are not interviewed by the
same person, as this helps to ensure we have Hierdgresentation of the teacher’s
thinking over time.

Once the interviews are conducted, they are trdoest and coded or they are
coded directly from the digital tape recording. Eatterview is scored independently by
two researchers. During the coding process, natesveade by each researcher on a
separate piece of paper that summarizes the belietee teacher. The last coder is
responsible for looking at the level of agreemestiMeen both coders. If there are areas
which are not in agreement, either both researcteamsvisit the question(s) that do not
agree or a third researcher can listen to datanewxathe prior codings, and make a
decision. Once the codes are determined, the respogre merged to depict a beliefs
profile that represents a teacher’'s beliefs ovemeti(see Luft, 2001 for a more
comprehensive report of the process). Table 2 sxample beliefs profile.

The resulting beginning and ending categoriegtegr compared to each other to
produce a summary of the teacher’'s beliefs. Thidase to determine the degree of
change or to establish a predominant teaching gbyplloy of the teacher. When we found
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variations between pre- and post-interviews, westhdteginning teachers’ beliefs about
teaching as shifting, alternating, or not changighift in beliefs about teaching results
when three or more of the answers in the postuiger move one category or more to a
student-centered or teacher-centered ideology,oand/expanded answers that reveal
new understandings. This type of change depictefbethat are becoming similar in
orientation. An alternation of beliefs about teachbccurs when three or more of the
answers move to teacher-centered or student-centategories, instead of all responses
moving in one direction, and/or when responsescatdi new or refined ways of
explaining teaching that emphasize teacher or stutentered approaches. Alternating
beliefs are not stable and have the potential tweramain. It should be added that the
modification or change in at least three answensideto be the threshold indicating
important shifts in beliefs. That is, teachers whanged at least three categories were in
the midst of constructing new or modifying existinglief systems. No change in beliefs
occurs when only one or two participant respongef sategories, and/or when no
expanded discussion occurs. Generally, beliefs thith degree of change are relatively
stable.

An Example
An Interview with a Teacher

The post-interview of Sandy (pseudonym), a firsifygecondary science teacher,
was conducted in the office of a researcher autheersity. She arrived early and was
excited to discuss the completion of her first y@sma middle school science teacher. Her
school consisted primarily of Hispanic studentsstmaf the children learned English as
their second language and patrticipated in a digtricgram that provided meals for free
or at a reduced cost. Sandy wanted to teach ins#iteng, though it was not always an
easy place to work. Once Sandy was comfortabletla@dasics had been covered, the
beliefs portion of the interview began.

In response to the first question about maximizsigdent learning in the
classroom, Sandy paused for a bit, then said, “Bwgulots of different types of
instruction. By giving the kids multiple opportues to demonstrate their understanding.
Doing projects that they want to learn about.” Betw each sentence she also paused, as
if to emphasize the points she made.

The interviewer followed up by asking if there wether things that she did to
maximize student learning. The question was restitallow Sandy to think about the
qguestion and perhaps formulate a more in-depth @ms®andy contemplated the
guestion. She eventually replied that “In the dlasm, | try to give the students lots of
time to talk about their learning and their thirkin try to provide a positive atmosphere
in which the kids are comfortable to learn. Forrapée, when we did our last unit, which
was on genetics, the kids had opportunities to tialkne another and think of questions
that were relevant to the lab. The activity wasdyaas the kids are a generation of CSI
[Crime Scene Investigation] watchers and they mdifjurhave questions about the
genetics. This lab really grabbed them and allowesin to use their research skills.”
Sandy continued to talk about the kids and howvglieted them to raise questions, but
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later in the interview she shared that she likasrnigpanswers for students when they ask
guestions.

When Sandy had spoken enough about this questenpfint at which no new
information was added to the conversation), therinéwer asked her about her role as a
teacher. Again Sandy was silent for a bit, therm@ned the question. She started by
explaining that she did not want to “be a beingmdwledge that gives knowledge to the
students. | want to provide them opportunities sk questions and to model how they
can learn on their own. | really want them to beejpendent learners. | really try to steer
clear of lecturing. | always try to set up an atyivand let them go at it. If | am
successful, | have used real life examples and a@ineyoacking their conclusions up with
fact.”

Still not clear that an answer was evident, therineéwer restated the question
“How does this represent your role as a teacheaPtd$ responded that “I give them an
idea or a venue and they get to run this. Theyt@eesearch it and develop their ideas
and show their personality in the assignment. Whey do this, they get the chance to
learn on this own. Hopefully this knowledge wilickt a bit longer. “

After Sandy’s pause, the interviewer quickly asKééhat did you do with the
kids while they were doing this?”

Sandy responded without a break “| talk to the lkadd ask them questions about
the assignment. Hopefully, if 1 ask a questionntlieey can find the information. You
know, they know about the different search engibes,they really don’t know how to
determine if it's good information they are gettiigthey need to find information, they
can go to the internet, but they need to know df ithiformation is useful. It's important
that | help them understand if the information timety have is good information.”

These two questions, presented in an abbreviatguofa begin to reveal an
orientation that Sandy has towards teaching scieimcéer first question, Sandy talks
about examples that show involvement of the studetite classroom. She is intent on
providing good experiences to the students, but mats yet come to develop an
interaction between the knowledge students aretiogeand the knowledge of the
students. Her response to the question was codBchasitional(see Table 1).

In her second question, Sandy does not give anaasyer to the question. The
answer that she gives reveals that she is intergiving her students opportunities to
learn, which is similar to the response she gaveeinfirst question. Even with additional
guestions, it is clear that Sandy wants her stwdenhave experiences and that she will
help direct these experiences. Her position tow#rdsstudents and the content result in
her being coded dastructional(see Table 1) for this question.

The responses provided by Sandy are typical of mestscience teachers. She is
building her beliefs about teaching the content anth more classroom experience
these beliefs will certainly change over time. Ravan her change will be the type of
discussions and experiences she has with colleagines first years of teaching.

Looking at a Group of Teachers
We recently completed an analysis of data on apyau35 first-year secondary

science teachers. These teachers were groupeddmgrado the induction program in
which they patrticipated: general induction, e-mentp science-focused, or alternative
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certification programs. Each teacher participated pre and post-interview, which was
evaluated as described earlier in this paper. Wehidemplete discussion of the research
and the complete analysis of the pilot year resariésin review (see Luft, Fletcher, Kern,
Roehrig, & Brown, in review), it is worth shariniet beliefs data to show the analysis of
this data over a year. As our goal in this studg teaexplore the change in teachers over
the year, we first coded the data and createdla &iowing the averages and standard
deviations (see Table 3). When an F-test was cdaedutb determine significance in
change between groups, we found no statisticatipificant difference between the
programs in terms of change in teachers’ belief8(R20) = .59, p =.63).

While the data were not statistically significaat the pilot year, some trends are
evident. For instance, we see that teachers tehdue instructional beliefs (around 14).
These beliefs tend to shift towards more traditiom@entations for those teachers in
general programs and in alternative certificationgpams, while teachers in science-
focused and e-mentoring programs (which are alsense focused) tend to move
towards transitional orientations. Again, theseftshare not significant, but they are
evident. In the formal study, we are exploring (agnother areas) each belief item, as we
have a large enough pool of teachers (120 teachers)

This data is interesting for science teacher edusanvolved in beliefs research,
as it shows that beginning science teachers haiefdbthat are aligned with traditional
epistemologies. Most science educators would hbpe teachers who graduated from
their programs would have transitional or instruetibeliefs about teaching science.
Moreover, the data shows that the beliefs of theaehers did change slightly over the
year. These two findings suggest that teachers naag beliefs that are resistant to
change and that they may not have been impactetiebpre-service program, or that
teachers are forming peripheral beliefs that angvgb change. In the years ahead, we
will be exploring these hypotheses, along with othe

Discussion

We consider beliefs to be propositions that indreid think are true. Since these
beliefs are based on personal judgment and evaiydtiey can be non-evidential; in this
sense we concur with Richardson (1996). In termsaxnce teaching, we consider
beliefs to be core and peripheral, as do BrowrBeellton-Lewis, and Purdie (2002), and
epistemologically oriented, as described by Bendixeunkle, and Schraw (1994). All
teachers have personally constructed beliefs aleaghing. As teachers engage in their
field of instruction, these beliefs expand in thepistemological orientation. Capturing
the beliefs of teachers is important to those iersm®e teacher education--ultimately,
beliefs reveal how teachers view knowledge andnlagr and suggest how they may
enact their classroom practice. As peripheral tehee forming, it is critical that they be
monitored during formative periods such as thd fiesars of teaching or during intensive
professional development activities.

While our work has focused on the beliefs of bemgignsecondary science
teachers, we have also worked with pre-service r&lny science teachers and
experienced secondary science teachers in an effounderstand their beliefs about
science teaching. Our studies have revealed, amtrey findings, that the beliefs of
science teachers can change or be modified andhinaare likely to do so within certain
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parameters. For example, pre-service science tesa@fteo display tendencies towards
student-centered activities and instruction canetigw more responsive ideologies with
specialized support. Correspondingly, they also o@wve towards more traditional

practices in the absence of adequate support. 8ge types of changes, we concur with
Yerrick, Parke and Nugent (1997) that beliefs canrwdified, as such beliefs tend to be
evolving. In addition, we agree with Fang (1996atthexternal factors--such as

professional development or induction programs--tapact beliefs. Generally, these

types of change/modifications represent the tergatiature of beliefs in beginning

teachers, supporting the view that beliefs candveiywformed and peripheral (Brownlee,

Boulton-Lewis, & Purdie, 2002; Rokeach, 1986).

Like Brownlee, Boulton-Lewis and Purdie (2002) aiallace and Kang (2004),
we found that nascent beliefs are often intertwind@ also found that teachers do not
compartmentalize different beliefs. The interplaizeen beliefs demonstrates that they
are nested within each other and are not alwayseades entities. For instance, as teachers
discuss the learning of students they often makenections to the knowledge of
students. These types of connections are imporantey contribute to a more holistic
view of teaching. One constraint associated with tonnected nature of beliefs, is
collecting enough information to analyze the natwir¢he different beliefs. In realizing
this constraint, we make sure that we have adeduofmenation to determine the beliefs
of a teacher, and often draw upon answers givediffarent parts of the interview to
understand the orientation of one answer. For el@ngachers may talk at length about
their role as a teacher, but later in the intervibey may give an example that highlights
this position. To negotiate the nestedness of fsel@ene researcher is responsible for
coding all of the pre- or post-interview questiaisa science teacher, as opposed to just
coding the first, second, or third question.

In addition to these findings, we have reportedthrer aspects of beliefs over the
years. These findings can be found in several ofpapers and include the following
(see; Luft, 2001; Luft, Fletcher, Fortney, 2005ftl.l.ee, Fletcher, & Roehrig, in press;
Luft, Roehrig, & Patterson, 2003; Roehrig & Luftp@a; Roehrig & Luft, 2004b;
Roehrig & Luft, 2006):

» Science teachers with transitional beliefs are nlik&ly to move towards

traditional or reform-based dispositions;

* Beginning secondary science teachers have primanbtructive and
transitional beliefs;

* Beginning secondary science teachers’ beliefs anee iiikely to change than
those of their experienced peers;

* The beliefs of beginning secondary science teaclsrgdepicted in this
interview process (traditional, instructive, trdimial, responsive, reform-
based), tend to correspond with traditional (tiaddl or instructive), guided
(transitional) or inquiry-based (responsive or refdbased) practices;

 The beliefs of beginning secondary science teachars be impacted by
subject-specific induction programs;

* Aspects of teacher education programs can impaxtbtdiefs of science
teachers differently, with some courses fosterirgyartraditional or reform-
based beliefs.
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As we explored the beliefs of teachers, we elette@éngage in an interview
process. This process does give us access to liieéshs teachers, which are the deep-
seated views that direct practice. While some hangried that beliefs data without
observational data or multiple data sources is Iprobtic (Pajares, 1992; Richardson,
1996), we feel otherwise. In fact, from our expece, interviews can provide access to
the thinking of teachers. Moreover, the intervienwgess allows the teacher to reveal the
complexity of the belief system. Interviews, in oakperience, do transcend the
shortcomings of written responses that have besaoritbed by other researchers (Fang,
1996; Munby, 1982). Collecting observational dataynbe important in order to
determine the translation of beliefs into practioet conducting both to understand one
event may confound our understanding of the natfirhe beliefs of teachers. In our
experience, detangling beliefs from practice isantgnt, and interviews with teachers
about practice and experiences do reveal the behet teachers hold.

Conclusion

Understanding the beliefs of teachers is crititahose of us in science teacher
education are going to develop programs that halastang impact on our teachers. As
we begin to understand how the beliefs of scieeeeters form, we will be able to
develop pre-service and professional developmeogrpms that are conducive to the
optimal development of science teachers. Ultimatélys could result in a different
configuration of course work and activities in aeqservice program or different
processes that can be drawn upon during the profedslevelopment experience.

As we embark on beliefs research, we should bkingofor new ways to reveal
the beliefs of teachers. Our work with interviewsggests one viable option to the use of
traditional paper and pencil tests to measure fseldoreover, our work in this area
suggests a method for looking at the emerging fsebé the teacher. Along with the
development of techniques to monitor the beliefseaichers, science educators should
also follow the beliefs of teachers throughout théevelopment, as well as try to
understand how the beliefs of teachers are conthéatpractice. Moreover, as beliefs are
followed, consideration should be given to the symé experiences that impact the
beliefs of teachers. In the coming years, this mdarmation about teachers’ beliefs will
hold great interest for the science education reseammunity.
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Table 1. TBI Category Descr
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Category

Example

View of Science

Traditional: Focus on
information, transmission,
structure, or sources.

I am an all knowing sage.

My role is to deliver
information.

Instructive: Focus on
providing experiences,
teacher-focus, or teacher
decision.

| want to maintain a student
focus to minimize
disruptions.

| want to provide students
with experiences in
laboratory science (no
elaboration).

Transitional: Focus on
teacher/student relationships
subjective decisions, or
affective response.

| want a good rapport with
,my students, so | do what
they like in science.

| am responsible to guide
students in their developmer
of understanding and proces
skills.

5S

Responsive: Focus on
collaboration, feedback, or
knowledge development.

| want to set up my classroo
so that students can take
charge of their own learning

m

Reform-based: Focus on
mediating student knowledgge
or interactions.

My role is to provide student
> with experiences in science
which allows me to
understand their knowledge
and how they are making
sense of science. My
instruction needs to be
modified accordingly so that
students understand key
concepts in science.

Science as rule or fact.

Science as consistent,
connected and objectivg

Science as a dynamic
structure in a social and
scultural context.

U
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Table 2. Beliefs Profile of Teacher A.
Traditional | Instructive | Transitional Responsive fd&m-based
Int. 1 *kkk *% *
Int. 2 *kk *kk *
Int. 3 Kok *hkk
Int. 4 Kk Kkk *k
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Table 3. Beliefs of Teachers in Different Inducti®drograms

General e-Mentoring  Science Mentoring and
(20) (7) specific (8) certification (10)
Pre-beliefs 15.20 (3.96)  14.33 (1.63) 15.20 (2.68) 14.75 (4.40)
Post-beliefs 14.40 (2.88) 15.67 (2.42) 16.20 (4.21) 14.38 (2.13)
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Figure 1. Beliefs Questions

Howe do you maxirmize student learming in your
classroom?

re: learning (7-14-04)

57

Student Focused

[
Teacher Fooused Teacher Focused ¥ Student Focused
Tra_clitio!lal: Teapher Instructive: Teacher Transitional: Teacher Re_sponsive: Teacher
pravides infarmation in monitors student creates a classroom designs the classroom
a St_ructured actions or hehaviors : envitonment that enwrnnmer_ﬂ to enab!e
environment during instruction involves the student students to intaract with
each other and their

knowledge

Reform-based; Teacher
depends upon student

responses to design an
arvironrent that allows

for individualized learning

"By carefully

: "B looking at Coaniti Aftactive
pllannlng ihE the studants's b "By using smmall group
essns .. UL A dA
responses E—— "By building a activities in which
S diftarent positive, students hypothesize,
e Nies of iipkDite predict creats, shate
PowerPaint actiities” enwiranment' and guesliny

"Knowing that not all
students learn the
same, | hawe ta think
of different ways to
arganize the lesson”

presentations” " watch my
students By -
W - closely as ; "By having a "By giving

cg‘;i:ruaonrglgg Iﬂit they EcoLaY relationship students the
the students face complete the Trem oo with oppoHunities to

ma" lah" their s students defend their
thinking outside of jdeas in frant of

class" their peers"

"l use atextboak, a
study guide, and
wer hawe it on the

wieh"
——

students to choose
their own vehicles

"By allowing

ta learn by
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Howy do you describe your role as teacher?

re: knowledge (7-11-04)

58

Teacher Focused

Teacher Focusad

L

i

Traditional: Focus
on infarmation
and structure

"All knowing
sapge”

"Deliverer of
information”

D —

"I needto
provide
consistent
routines and
classroom
rules”

Instructive: Focus on
providing expetiences

1

"Tao provide
materials and
opportunities
far students ta

learn”

"' maintain
student focus
ta minimize
management

igsues”

Transitional: Focus on
teacherstudent
relationships or student
understanding

Student Content
L] L]
"I need ta
deveing g “To guide the
gooq ot students in
b developing
conceptual
understanding
. and critical
You have gotto thinking skills"
make the students
feel comfortable or

they will have a
difficult time
learning"

Electronic Journal of Science Education

Student Focused

Responsive: Focus
an collaboration
hetween teacher and
student

Student Focused

"Ta set up my
classroom so that
my students can take
charge oftheir own
learning”

Reform-based: Focus on
mediating student priar
knowledde and the
knowledge of the discipline

"l am a tour guide
whoa helps students
make sense of their

surroundings in a

mannerthatis
consistent with
what is known"
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Howy do you know when yaur students understand?

re: learning (6-29-04)

59

Teacher Focused

Traditional: Vhen

they receive the
information

Teacher Focused

"ltis
impartant
that they

hearitthree

times"

"We covered
itinclass"

“When |
cover the
lessan in

different
ways"

Instructive; When they can
reiterate or demonstrate
what has been presented

"when they can
dowell on a
practical
examipation"

Transitional: ¥When
they give an
explanation or
response thatis
related to the
presented information

Knowladge

"When they
can use their
own words
to explain a
cancept'

"When they
can repeat
the answer
on awritten
test, and the
answer is
correct’

"When they

"Their faces
talk about

light up"

Student Focused

Responsive; WWhen they
can utilize the presented
knowledge

"When they can
clearly defend their
ideas using
evidence and
examples they
experienced”

the
presented
knowledge "They get
i nesw weays” excited”

"When they

"ifhen they
canaska
basic gquestion
of a student
during a
presentation”

are
animated
ahout the
lesson
outside of
class"

Electronic Journal of Science Education

"when they can
discuss new
phenamena that

they encounter in
tlass"

Student Focused

Reform-based: Yhen they can
apply knowledage in a navel
setting, or construct something
novel thatis related to the
knowledge

"They can came up with
guestions ar camments that
represent an understanding of
the topic. Often these
guestions use the knowledge
in a new situation that we have
not experienced in class. "

"One of my students

used triganometry to
sohve physics problems”

"When students can question
and dialogue in manner that
expands their understanding,

For example, they can

successfully understand how
a chemical reaction can be

altered with the modification of

element”

ejselswestern.edu
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In the school setting, how do you decide what to teach

andwhat not to teach?

re; knowledge (7-11-04)

60

Teacher Focused Teacher Focused

{ y

Traditional: Instructive:
Decision guided Decision based
by adopted onteacher focus/
curriculum or direction
other schonl
factor

“Wihat | enjoy
and get
"Based on shicited
e abaut
we "What | feel
s comfortable
the book! with?
“Litnited by "If | have the
the district materlali
curriculum" available
"What
students
need to
know for nesd
course”

Transitional:
Decision inwhich
some modification
is based on student

feedhack

"What | think
the students
will be
interested in"

"I think af the
ahility levels
of Fry
students”

Electronic Journal of Science Education

Studert Focused

{

Student Focuzed

Responsive: Decision
hased on student feedback
and other possible factors

"hat
misconceptions
students at this
age hawe, and
what the
interests of my
students are"

"Based onthe
knowledge and
interests of my
students and
myselt- when
wee're inta it, we
learn hetter

Reform-based:
Decision based upon
student focus and
guiding documents
(e.g., standards,
research)

"The contentf
concepts have
to be cognitively
appropriate for
the students

and aligned
with aspects of
the standards”
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Howe do you decide when to move on to a new tapic in
your class?

re. knowledge (6-29-04)

Teasher Fasused Teacher Focused

Student Focused Student Fosused
¥
Traditional; Instructive: Directed by Transitional: Responsive: Decision .
Directed by teacher teacher; hased on basic Teacher decision based on student feedback BETN hEsed; Dems‘mnt_basedd
student understanding of pased on limited that potentially involves H ot a_ndun-gutmdg eragl_?t!on fm
b cansiders student abilities to
LRI ARl :Lﬂﬁ;ﬁ;ﬁfs&z&g: 4 p demonstrate understanding in

differentways. May involve the
modification of lessons.

"when the
unit is over"

"When students are

"Students can

f *| can see camfortable with the
expilain the themn daing content; they use it in
material to me th bul
.. ! : the lak eirvocabulary,
Wihen we in their own : it d o
Paes Saaeiy ; 4 carrectly’ wiiting, an An informal
the material® A discussions” evaluation of student
corversation and
“Aihat the their wark
"When we "When | fael kids use the throughoutthe topic.
Ny lika tha ideas in "I move an when there's a lull, Bythe time | give the
tirme" students get class" hutifthey start asking test, it's too late”
it guestions aboutthe old idea,
| go back!
_ "Itis notthat
"I give the students "When the students
guizzes once ot bored, are applying the
aweekto but we concepts o new
determing covered itin situations and
wehat rmy as many asking guestions
students weays as | aboutthe cancepts”
know! could" )
—
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Howy do your students learn science
hest?

re: [earning (7-11-04)

Teacher Focused

Teacher Facusad

Y

Student Foeused

Traditional:
From the teacher

"By paying
attention”

"By taking
good notes"

Student Focused

Instructive: By mimicking

the teacher

Electronic Journal of Science Education

"By weorking
problems we have

practiced in class”

"l show them what
they need to do, then
they loakido it by
themselves”

"Theywatch me do
it, then they practice
iton one another"

——————

Transitional: By
using procedures)
guidelines

"By doing a
laboratory”

"By daing
hands-on
activities"

Responsive: By
encountering and
interpreting phenomena

Reform-based; By eliciting,
encounteting, and constructing
theirideas about phenomena

"They are
challenged to
create their awn
understanding to
explain their
generated data”

"When they interact
with one another
as theytry to
explain their
results"

"When they have
ownership overwhat
they learn and how

they choose to go
about learning it*

"They all learn
differently, but they need
rich experiences which
allows each student to
explare their nations of

the experience and
make sense of itina
nes way"
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classroom?

re; learning {7-11-04)

How do you know when |earning is occurring in your

63

Teacher Focused

Teacher Focused

Traditional:
Determined by
action of students
during instruction,
Emphasis is on
order and attention
as related to the
student.

"It is still quiet
atthe end of
the lesson”

"“when they
are paying
close
attention to
the lectura”

Instructive: Determined

through measures given

by the teacher. Emphasis

iz onthe carrecthess of

the student response to
the measure.

1

" give
quizzes to
see ifthey

are getting it

"When they
can follow
the
instructions
inthe
laboratony

"l look attheir

lah write-ups
their graphs,
theirtests"

Transitional:
Determined through
suhbjective

conclusions about
the student.

Cognitive

"The students
are gctively
engaged in

learning rather
than passive
recipients of

information”

"The students
write a
reflection
abouttheir
learning”

Electronic Journal of Science Education

Affective

"l can tell by
the lookin
their eyes"

"Talk about
science
outside of
tlass”

Student Focused

Responsive: Students
interactwith their peers or

the teacher about the topic.

Responses are limited or
preliminary.

Student Focused

Reform-based: Students
initiate significant interactions
with ane another andior the
teacher about the topic

"“When
students
interact to
solve
problems"

“When
students are
helping each
other"

"Students defend their

ideas through the use
of evidence and
examples”

A

"Students can
formulate thoughtful
guestions ahout the

content!

D E—

"Students seek other
student's opinions
aboutthe content and
what they know ahout
an idea”

"When
students are
challenging
one another”
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